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or  pexidLeelon  to  mnufaeture,  use  or  eelX  any 
patented  Inrentloo  that  nay  la  any  way  be  related 
thereto. 
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A  pralialnary  study  has  bssn  aada  of  the  affaets  of  afaota-body  axposura 
to  panatratlng  ionising  radiations  (X.rays,  400  rads)  on  blood  and  tlssua 
lavals  of  ascorbic  I  dahydro-sscorbic  and  dlkato-gulonlc  acid.  This  waa 
undartakan  to  tast  tha  hypothasls  that  tha  rapid  oxidation  of  ascorbic  acid 
to  Its  dahydro- ascorbic  fora  tsay  ba  rasponslbla  for  radiobiological 
damage. 
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PROGRESS  REPORT 

ORIGINAL  RESEARCH  TITLE;  Th*  Effactlvenai#  of  Raaerplno  and 

of  Soma  Substltutad  indola-Alkylamlnes 
aa  Radioprotactlve  Agantt. 

AMENCED  TITLE:  Ef facet  of  Oaplatlon  of  Soiao 

Phyalologlcal  Subacancaa  on  tba 
Oavalopaanc  of  Acv'a  Radiation  Slcknaaa. 

Tha  original  clcla  of  tha  contract  waa  "Tha  Effactlvanaaa  of 
Raaarplna  and  Soaa  Subatltutad  Indola-alkylaalnaa  aa  Radloprotactlva 
Aganta"  aubaaquantly  anandao  to  "Effacta  of  Oaplatlon  of  Soaa 
Phyalologlcal  Subatancaa  on  tha  Development  of  Acute  Radiation  Slcknaaa”, 
omlng  to  tha  fact  that  pravloua  ajqparianca  at  Walter  Read  Army  Reaaarch 
Canter  had  ahown  that  tha  first  mentioned  compounda  held  little  promlaa 
aa  affective  radloprotactanta  In  man.  Hanca  the  decision  to  aaplora  a 
more  fundamental  problem  dealing  with  tha  poaaible  role  of  ascorbic  acid 
In  tha  cauaat'rr.  of  radiobiological  damage. 


Ascorbic  acid.  In  lea  reduced  form,  plays  an  InporeanC  role  as  an 
antloxldlslng  agane  In  blood  and  clsauas. 

Expoaura  of  elasuas  to  panacraeing  Ionising  radiation  can  hasten  the 
•low  conversion  of  ascorbic  to  dahydro- ascorbic  acid,  a  substance  capable 
of  Inducing  severe  cellulsr  dsMge. 


It  Is  well  known  that  while  the  aaanallan  organlsa  will  tolerate 
the  exogenous  adnlnlseratlon  of  enormous  doses  of  ascorbic  acid  without 
111  effect,  small  amounts  of  dehydra>ascorble  add  will  ectise  severe 
toxic  symptoms  such  as  dyspnea,  pulmonary  adasM,  and  parenchystatous  dasMge 
to  the  liver,  kidney,  and  pancreas.  The  symptomatology  and  site  of  the 
lesion  bear  close  resasiblanca  to  alloxan  poisoning*  Thars  are.  In  fact, 
considerable  structural  similarities  between  dehydro-ascorblc  acid  and 
alloxan. 


nehydro- ascorbic  acid 


NH  >  C  «  0 

I  I 

CO  C  -  0 

I  I 

m  c  -  0 

Alloxan 


Oehydro«aacorblc  acid  unlike  alloxan,  howevor,  is  a  physiological 
substance  which  can  be  readily  mobilised  from  body  stores  ubiquitously 
present  In  the  mammalian  organism. 


Tiia  prasaoca  of  gluCathlona  and  cystalna  both  In  blood  and  cisauas 
controls  tha  rata  of  oxidation  of  ascorbic  acid  to  Its  dehydro  fora  and 
protects  tissues  against  the  toxic  potentialities  of  tha  latter. 

Whan  the  maasaallan  organln  Is  exposed  to  penetrating  lonlslnc; 
radiations,  hovever,  a  relevant  quota  of  the  available  -SH  groups  Is 
oxidised  to  S-S  and  thus  become  unable  to  prevent  the  rapid  oxidation 
of  ascorbic  acid  Into  dehydro* ascorbic  tdtlch  will  gain  access 
circulate and  manifest  Its  noxious  effects. 

The  following  preliminary  experiment  was  therefore  performed  In 
order  to  test  this  hypothesis. 

Young  adult  hybrid  guinea  pigs  of  both  aexea,  averaging  SOO  <pB  In 
weight,  were  obtained  from  a  commercial  breeder  In  Ntpa  (California). 

They  were  housed  Individually  In  wire  meeh  cages  and  kept  under  observation 
for  two  weeks  before  being  admitted  Into  the  exporlmenf. 

They  received  Purina  Rabbit  Checkers  ad  libitum  with  an  addition 
of  a  measured  amount  of  greens  (SO  gm,  only  carrots  or  i»':tuce  leaves) 
which  provided  adequate  Vitamin  C  supplementation.  The  animals  were 
weighed,  numbered,  and  randomised  one  week  before  the  initiation  of  the 
experiment. 

A  previous  deteralnatlon  (conducted  under  exactly  comparable  conditions 
on  36  anljaals  of  both  sexes  obtained  from  the  same  source)  showed  their 
I,Ojo/3(}  Co  be  approximately  380  rads  for  whole-body  exposure.  This  dose 
was  therefore  chosen  to  Investigate  the  effect  of  scute  whole-body 
exposure  on  ascorbic  acid  metaboliam. 
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Tha  axparlmant  was  carried  out  aa  followa:  36  guinaa  pigs  (16  nuiles 
and  16  fanalaa)  whoaa  avaraga  walghc  was  470  gpi  +  42  ware  dlvldad  Into 
6  aaparlaantal  groups,  aach  cooiprlslng  6  anisala  (3  wara  shwa.  Irradiated 
and  3  raealvad  400  rads).  Tha  radiological  factors  of  the  aaposura  wara  as 
follows:  230-Kvcp  X.rays,  HVL  1.6  sa  Cu,  TSD  «  98  cm,  aaposnra-dosa  rata 
44  r/alnuta.  Curing  Irradiation  tha  animals  wara  rastralaad  Individually 
In  tha  stalls  of  an  axposura  box  having  a  dspth  of  10  cm.  The  path  of 
tha  X-ray  beam  was  from  tha  dorsal  to  tha  ventral  surface.  From  tha 
dapth-doaa  data  It  waa  aattnatad  that  tha  maxlawim  and  minimum  tissue  dosa 
dallvarad  along  tha  path  of  the  beam  might  vary  by  15X  and  that  tha  avaraga 
elaaua-doaa  rata  waa  about  92%  of  tha  antra<*ea  dosa.  The  weighted  avarci,.> 
tissue  doaa  waa  equal  to  92%  of  tha  reading  of  a  Vlctoraan  thlmbla  chamber 
exposed  In  a  stall  of  tha  axpoaure  box,  tha  remaining  stalls  contained 
phantoms. 

Tha  control  animals  ware  boxed  under  tha  same  condltlor-  as  tha 
Irradiated  ones  and  kept  In  tha  axpoaure  chamber  for  an  equivalent 
period  of  tlsM.  A  group  of  6  anlamls  (3  controls  and  3  exposed)  wara 
sacrificed  on  days  1,  2,  3,  4,  S,  and  6  after  IrradlaLlin. 

Ascorbic,  dahydro-ascorblc,  and  dlkato-gulonlc  acid  wara  dataralned 
In  tha  blood,  kidney,  liver,  and  spleen  of  tha  control  and  irradiated 
anlauls  with  the  dlffarantlal  aacorblc  acid  matbod  of  Roe,  hills,  Oastarllna 
and  riamrnn  In  order  to  prevent  variatlona  In  blood  and  tissue  levels  of 
ascorbic  acid  due  to  Irregular  food  Intake  In  tha  Irradiated  animals, 
careful  palr-faadlng  with  tb<i  concrola  was  institucad. 

Tha  reaults  ahowad  soma  fluctuations  In  tha  blood  and  tissue  levels 
of  tha  three  constituents  maasurad,  as  shown  In  tha  attached  table. 


TABLE  1 


Ascorbic  Acid 

Dab;  dro- a  ^corbie  Olkato-gulonlc 

Acid  Acid 

(In  ob/100  sa  of  wet  tissue) 

Exposed 

Concrol 

Exposed 

Control 

Exposed 

Control 

Llvar 

10.33 

9.49 

.731 

.741 

.433 

.308 

Kldnay 

3.02 

3.06 

.383 

.741 

.863 

.718 

Splaan 

76.31 

90. Co 

34.77 

38.33 

22.80 

26.63 

Blood 

.208 

.130 

.286 

.278 

.032 

.032 

Maan 

tlssua  and 

blood  levels  of  ascorbic, 

c:abydro> 

ascorbic,  and  dlkaeo-gulonic  acid  daearnlnad  on  aacb  of  tba 
ala  posc>  Irradiation  days.  Tba  analyals  of  variance  parfotiaad 
for  aacb  organ  of  tba  control  and  aaparlaantal  group  fallad  to 
abow  any  significant  ebanga. 


Th«  Inability  to  datact  a  daflnlta  changa  in  tha  variables  undar 
study  may  ba  dua  to  tha  ralatlvaly  low  dose  of  radiation  employed  or 
to  the  choice  of  an  animal  which  Is  unable  k.'  synthesise  ascorbic  acid, 
and  la  likely  to  show  wide  fluctuations  in  Its  blood  and  tissue  levels 
of  ascorbic  acid  and  Its  congeners.  Tha  possibility  that  changes  taka 
place  only  during  axposura  or  in  the  hours  which  lamMdlataly  follow 
aaposura  will  also  ba  considered,  and  this  hypothaals  will  be  tested  In 
a  future  experiment. 

* 

There  are,  however,  good  Indications  that  ascorbic  acid  metabolism 
is  Involved  In  the  mechanism  of  radiation  damage:  a  recent  report  (N.  Y. 
Sluahakova,  P.  M.  Laguto  and  0.  S.  Luchenokt  Radiation  Sickness  and 
Vitamin  C  In  the  Liver  and  the  tfall  of  the  Small  Intestine  of  Animals 
which  Synthesised  Ascorbic  Acid  •  Medltslnskaya  Radlologyia,  Vol.  V, 

No.  4,  Moscow  1960)  shows  that  the  ability  of  the  liver  of  Irradiated 
rats  to  reduce  dehydro-ascorbic  add  Is  depressed  after  exposure  to  700  r 
This  occurs  particularly  In  tha  Immediate  post- Irradiation  period. 

In  a  forthcoming  series  of  experiments  with  rats,  ve  are  platmlng 
to  repeat  our  experiment  with  two  doses  of  whole-body  X-ray 
the  l‘I*ioo/30  (400  and  800  rads)  and  to  determine  the  activity  of 
dahydro-aoeorblc  reductase  In  the  liver  Immedlataly  following  exposure. 


A  ••ri«a  of  dotomlnatlona  will  alao  be  parformad  in  rata 
daplatad  of  aacorbic  acid  by  pravloua  traataant  with  chlorobutanol  and 
In  rata  to  which  acalar  doaaa  of  aacorbic  or  dahydro-aacorbic  acid  hava 
baan  adainiatarad  ahortly  bafora  axpoaura< 

Tha  influanca  of  thaaa  procaduraa  on  aortality  will  bo  atudiad. 
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